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Abstract 
According to the research of the subjective and the objective safety in Highway Safety Manual (HSM), their 
relationship and the road safety were discussed and improved. In this paper, the contents and the calculation 
methods of the subjective and the objective safety were determined based on the expressway investigation and 
collected data. The subjective safety index was established by the combination of RRCV, FT85 and NASA-TLX, 
and the objective safety index was composed of road linear, pavement, traffic facilities and natural environment. 
In the end of the paper, SOR was supposed as a safety evaluation index, which is the ratio of the subjective safety 
and the objective one. The application of the subjective and the objective safety was further discussed according 
to the SOR characteristics. 
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1. Introduction 
The problem of road traffic safety in China is getting more and more attention by scholars, who have 
developed various safety theories and systems, such as macro/micro analysis, initiative/passive safety. These 
theories and systems are concerned about the road environment, so they are safety are collectively referred to the 
road safety design. (J Hayward 1985) (Ministry of Transport of the People's Republic of China 2004) 
When driving in the complicated environment of topography, such as the expressways in western China, the 
drivers made an important role in the risk evaluation. The research in this field is called as the subjective safety of 
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expressway, and the relationship between the subjective and objective safety was discussed in detail in HSM 
(Highway Safety Manual) (Lany L 2010), as shown in Fig. 1: 
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Fig.1 Relationship between the Subjective and Objective Safety in HSM 
    In HSM, the objective safety is considered as the management level of the road, such as the safety of the road 
or the accident ratio. In this paper the subjective safety is defined as the subjective feeling of the road 
environment by the drivers and the objective safety is defined as the objective evaluation of the road 
environment, not the accident ratio directly. Considering the road safety being made of the subjective and 
objective safety, the mechanism of the safety action and the relationship between the subjective safety and the 
objective safety and the safety are discussed and explored in this paper. 
2. Subjective safety index 
    The subjective safety is the cognitive safety of road environment by the drivers, so it is also called as the 
feeling of safety. It is a psychological reaction after the cognition and judgment by the drivers under the 
different stimulation. When the road environment varies such as a sharp curve, the drivers will be nervous and a 
series of physiological fluctuations will occur such as heartbeat accelerating and blood pressure elevating. In this 
regard, the domestic and foreign researchers presented many measuring method of the physiological index, such 
as the heart rate (J.A. Groegera 1998), the blood pressure (Trent W. Victor 2005) and the electroencephalogram 
(Helina Hakkanen 2001), and the influence by the road environment can be analysed according to these 
physiological indexes collected in the process of driving. In the other hand, when the physiological fluctuations 
occur, the drivers will feel nervous and the negative emotion or mental load will occur. The technique of 
subjective workload assessment for the subjective evaluation has been widely applied in various fields, and under 
the long-term studies, the NASA-TLX scale was been provided with good reliability and validity. (Susan G Hill 
1992) In the same way, the adaptability of the technique in China has been made a positive conclusion to by the 
domestic scholars. (Xiao Yuan-mei 2005) In this paper, the physiological index and the subjective workload 
assessment are applied to indicate the safety feeling of the drivers and compose the subjective safety of the 
expressway. 
2.1. RRCV--heart rate variation coefficient 
Because of the external stimulation, a fluctuation phenomenon of heart rate with a larger cycle will occur, and 
the heart rate will vary regularly. And these regular fluctuations under the external stimulation can be described 
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by the heart rate variation coefficient (RRCV). (ZHANG Yi-xia 2009) RRCV can be calculated by the standard 
deviation (SDNN, ms) divided by the mean value (MRR, ms) of the period, as shown in Equation 1: 
 
 SDNNRRCV MRR
 (1) 
2.2. FT85--85% focus time 
The focus time refers to the duration time that the drivers gaze at the axis center, in milliseconds. It is the 
duration time of focus that represents the time for treating the information of risk, and the difficulty of reception 
the information can be reflected by it. In this paper, the focus time is defined as a time longer than 0.1 second, and 
the 85% FT85 can be calculated as the value of the 85% cumulative frequency of the focus time in a driving 
period. 
2.3. NASA-TLX--subjective workload assessment 
In 1988, NASA-TLX was proposed by Hart and Staveland to the workload estimation of the controllers in 
airfields, which is an experienced measure to estimate the subjective workload currently. (SUN Xiang-hong 2008) 
The NASA-TLX is composed of six parts: Mental Demand (MD), Physical Demand (PD), Temporal Demand 
(TD), Own Performance (OP), Effort (EF) and Frustration Level (FR). The test procedure and calculation 
measure of NASA-TLX were introduced in some research paper of the workload of drivers. 
2.4. DSI--the subjective safety index 
In the composition of the subjective safety index, considering the difference between the dimension and value 
of these three indexes, the principal component analysis was applied in this paper. In the research, 6 drivers and 
33 road sections were selected, and their RRCV, FT85, TLX were applied in the principal component analysis of 
the subjective safety index. Because of the RRCV being the alternative index, RRCV was transfer to 1/RRCV in 
the analysis, and the result of the normalization of the indexes is shown in Table 1: 
Table 1. The result of the normalization of the subjective safety indexes 
Number 1/RRCV FT85 TLX Number 1/RRCV FT85 TLX 
1 -1.56991 -1.44831 0.30024 18 -0.14429 -0.31044 0.60986 
2 -0.2075 -0.81075 -0.88664 19 1.26743 -0.06037 -0.57702 
3 -0.50879 0.00475 1.59032 20 -1.13062 -0.32294 -0.06099 
        
15 -1.1626 -0.7564 0.91948 32 0.88776 -0.06028 -0.93824 
16 -0.33729 2.85246 -0.52542 33 -0.44824 -0.41544 1.95155 
17 1.26929 -0.6106 -1.14466 
 
After KMO testing and constructing the component coefficient matrix, the subjective safety index (DSI) is 
shown in Equation 2: 
 
 0.023(1/ ) 1.051( 85) 0.260( )DSI RRCV FT TLX  (2) 
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3. Objective safety index 
The objective safety is composed of the road linear, traffic facilities and other factors, so in the evaluation of 
the road environment, these factors should not be ignored, especially the undesirable pavement and the 
undesirable weather. In this paper, these subjective environment factors were evaluated and analyzed to compose 
the objective safety index. 
3.1. LSI road linear 
In this paper the driving region was regard as a three-dimensional curve, and the mathematical evaluation of 
spatial curvature was applied as the road linear index. According to this characteristic, the range rate of the spatial 
curvature (LIN Sheng 2010) was applied as the index to characterize the road linear safety: 
 
 20.1943 3.505 6.( 2897)L LSI LSIOSI  (3) 
 10LSI M  (4) 
In the Equation (3) and (4), OSIL is the objective safety index based on LSI, which is under a normal natural 
environment; LSI is the road linear index; Mk is the range rate of the spatial curvature. 
3.2. PCSI road pavement 
The 10-point grading method was applied in the evaluation of the pavement safety, which was divided into 
two parts: the comfort and the appearance. 15 persons composed of drivers, road managers and scholars made the 
evaluation according to their feeling after they passed through the 24 test sections (48 data in two ways). And 
then the pavement condition was investigated, and the relationship between the safety indexes was established by 
the pavement evenness (VBI) and the damage ratio (DR).  
According to the existing pavement index, the relationship is shown in Equation (5) after the regression 
analysis. The VBI and DR had a high correlation with the evaluation results of the experts, and the correlation 
coefficient was 0.92. 
 
 0.87 5 7.8210 0.092 4.27 10 (lg(1 ))PCSI DR VBI  (5) 
In the Equation (5), PCSI is the road pavement index; DR is the damage ratio, %; VBI is the pavement 
evenness, mm/km. 
3.3. TFSI traffic facility 
The traffic facilities are composed of the traffic signs and markings, the protection and isolation facilities, the 
anti-dazzle facilities and the sight delineation facilities, and the analytic hierarchy process is usually applied in 
the evaluation of these aspects. In this paper, the 10-point grading method is applied and each index and their 
weight are shown in Table 2: 
 Table 2. The index and weight of the traffic facilities 
1st layer of index Weight 2nd layer of index Weight 
Guidance facility U1 0.3758 
Density of traffic sign U11 0.05 
Completeness of guidance sign U12 0.09 
Rationality of traffic sign and marking U13 0.11 
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Information content of traffic sign and marking U14 0.05 
Information continuity of traffic sign and marking U15 0.08 
protection and isolation 
facility U2 
0.2147 
Effectiveness of anti-dazzle U21 0.10 
Effectiveness of guardrail U22 0.07 
Effectiveness of isolated barrier U23 0.04 
traffic facility of tunnel 
U3 
0.1329 
Air quality U31 0.02 
Brightness transition U32 0.07 
protection and isolation facility in transition section U33 0.04 
traffic facility of bridge 
U4 
0.1329 
Bridge transition U41 0.02 
Effectiveness of guiding facility U42 0.04 
Protection facility of bridge U43 0.07 
traffic facility of 
interchange U5 
0.1439 
Information content of traffic guide sign U51 0.02 
Setting of diverging and merging U52 0.04 
Setting of cross section of ramp U53 0.08 
3.4. NESI--the natural environment 
In a certain area, the natural environment is constant relatively, which means in a certain area and a certain 
period, the characteristics of the environment is constant and the risk of environment is invariableness. According 
to a series of research data of expressways in Yunnan, the environment indexes and the safety level (traffic 
accident ratio) were collected, and the variety of the road environment were compared with those of other period. 
The relationship between NESI and the ratio of OSI0 and OSIL is shown in Equation (6) after the regression 
analysis with a correlation coefficient of 0.797: 
 
 20 0.048 1.0571 4.792
L
OSI NESI NESI
OSI
 (6) 
In the Equation (6), OSI0 is the initial value of the objective safety index; OSIL is the objective safety index 
based on LSI; NESI is the environment index. 
3.5. OSI--the objective safety index 
The objective safety evaluation is made of 4 parts, whose relationship with each other is as shown in Fig. 2: 
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Fig.2 the relationship between four parts and the objective safety index 
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The base value of the objective safety index was calculated according to the linear index and modified by the 
environment index, and then was compared with the traffic facility index and the pavement index, so the 
objective safety index is shown in Equation (7) and (8): 
 
 0min( , )TFSIOSI OS II PCS  (7) 
 20
20.1943 3.505 6.2897)( ( 0.048 1.0571 4.792)OSI NESI NESLSI L I IS  (8) 
     In the Equation (7) and (8), OSI is the objective safety index; OSI0 is the based value of the objective safety 
index; TFSI is the traffic facility index; PCSI is the pavement index; LSI is the linear index; NESI is environment 
index. 
4. Applications and Discussions 
According to the analysis among the subjective safety, a relationship between the subjective and objective 
safety and accident rate can be established. The road envir
accident situation representing the road safety is shown below: 
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Fig.3 The relationship between the subjective safety, the objective safety and the safety level 
Because the objective road environment has an impact on the driver meanwhile the right driving operations are 
based on the accurate perception of the objective road environment, thus it will influence the road safety directly 
that whether the two parts match up with each other or not. When the subjective safety is much higher than the 
objective one, the driver cannot be aware of the unsafety of the road environment, leading a higher risk of traffic 
accidents. When the subjective safety is close to the objective one, the car is under the control of the driver, 
making high safety of the road. When the subjective safety is much lower than the objective one, the road safety 
is the highest at the cost of the limitation of better driving and the waste of infrastructures. Thus there exists a 
relative matching relationship between the subjective safety and the objective one. We can establish an evaluation 
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model of road safety named SOR calculated as the ratio of subjective and objective safety combined with the
positive and negative correlation of the two indexes:
1/
1
Subjective SafetySOR
Objective Safety
DSI
OSI
DSI OSI
(9)
In the Equation (9), SOR is the ratio of subjective and objective safety; DSI is the evaluation index of the 
subjective safety of the driver; OSI is the evaluation index of the objective road safety.
There are many variation tendencies between the evaluation model of the subjective safety and the safety level. 
The reason for the uncertainty of the variation is that the objective safety also has an impact on the road safety. So
the subjective safety only cannot predict accident rate intuitively.
Fig.4 the relationship between SOR and the safety level
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As shown in the Fig. 4, the safety level (ranked by the accident ratio) (XU Jun-kang 2009) increases with the 
decrease of the SOR value. It shows that when the safety level is 1, the SOR value is located in the lower part, 
when the safety level is 2, the SOR value is located in the middle part and when the safety level is 3, and the 
value of SOR is located in the upper part. Thus the level of the road safety can be determined as followed by the 
analysis: 
1. When SOR<0.15, road safety is relatively high and safety level is 1. 
The 0.15 is only a numerical, representing relativity, when SOR=0.15, the subjective safety is slightly higher 
than (or basically equal to) the objective safety, the following critical value also represents the relativity only, 
reflecting the connection between the subjective and objective safety. 
2. When 0.15<SOR<0.2, road safety is ordinary and safety level is 2. 
3. When SOR>0.2, road safety is relatively low and safety level is 3 and improvement is necessary. 
Finally, the relation among SOR, safety grade, the evaluation index of the subjective safety DSI and the 
evaluation index of the objective safety is built, as shown in the graph 5.7. The blue diamond, red square and 
green triangle in the graph represent the segments with the absolute threshold grade of accident rates =3, 2 and 1. 
The two boundary lines represents SOR=0.15 and 0.2. The right side of the green solid line represents that the 
subjective safety is close to the objective safety and the road safety is high with safety level equal to 1. The left 
side of the red solid line represents that the subjective safety is far higher than the objective safety and there exists 
risks that driving risk cannot be perceived and the safety level equal to 3. The region between the two solid lines 
represents the ordinary road safety with safety level equal to 2. 
As for this evaluation method, the condition of accident rate can be used to determine the road safety level in 
application. When the safety level is low, that is to say the objective safety is much lower than the subjective one 
and the index of the objective safety OSI is low in this condition with the performance of poor alignment design, 
wrong location of traffic safety facilities, bad pavement maintenance or poor meteorological condition and so on. 
At the same time the index of the subjective safety DSI is also low with the performance that the driver considers 
that this segment is very safe and can pass safely and steadily with a relatively high speed. This contradiction 
leads a consequence that the driver cannot perceive the driving risk in time and lacks the understanding of road 
environment, so the road safety level is low. The solution to solve this problem is in one hand the improvement of 
the objective safety such as the pavement maintenance, the engineering facilities for risk aversion according to 
the local disaster and on the other hand the warning for the driver such as visual design and the hint of the feature 
of the road ahead. The choice for the specific measures also can be determined through the analysis of the indexes 
of subjective and objective safety, making a decision for the aspect to improve at first. This evaluation content is 
important information for road management and decision-making basis for maintenance management. 
5. Conclusions 
The subjected and objected safety was discussed in this paper, which modified the combination of safety 
relationship based on the subjective and objective safety from HSM. They are the subjective safety (the felling of 
safety), objective safety (the safety of road environment) and ultimate safety (the results of safety). The subjective 
safety index was established by the combination of RRCV, FT85 and NASA-TLX, and the objective safety one 
was composed of road linear, pavement, traffic facilities and natural environment. The SOR was supposed as a 
safety evaluation index, which is the ratio of the subjective safety and the objective one. This series of methods 
can be helpful to analysis and investigate the conditions of the expressway rapidly, locate the lower sections and 
provide the strategies to prove the safety of these sections. In fact, the choice of indexes is not unique, and it can 
be improved after the further research because in this paper only 40 road sections were collected and evaluated. 
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